Cadmium is a heavy metal that humans can be exposed to the in environment and occupation, and its relationship with cardiovascular diseases has been reported. Epidemiological studies have also been associated with various inflammatory markers of cardiovascular diseases. In this study, we examined the relationship between monocyte count and monocyte to high density lipoprotein (HDL) ratio (MHR) and blood cadmium, which are one of the inflammatory markers of cardiovascular diseases. Data from a total of 733 male fire officers who received a health checkup at a hospital for one year in 2016 were analyzed. Populations were classified into 4 groups according to the quartile of blood cadmium and general characteristics were described. The relationship between monocyte count, MHR and cadmium in blood was statistically analyzed by linear regression analysis. In the univariate analysis and multivariate analysis, monocyte count was significantly higher in the second, third and fourth quartile groups than in the first quartile of cadmium, and the linear trend was significant. In univariate and multivariate analysis, MHR was significantly higher in the third and fourth quartile groups than in the first quartile group, and the linear trend was also significant. This study showed the significant relationship between blood cadmium and monocyte count and MHR among male fire officers. This was also statistically significant in the model adjusted for possible confounders and other cardiovascular risk factors and showed a linear trend.
INTRODUCTION
Cadmium is a heavy metal that humans can be exposed to in the environment and occupation. It is a toxic metal that is not used for metabolism of in the human body. Environmental exposure to cadmium can occur exposed in the course of non-ferrous metal mining, phosphate fertilizer production, fossil fuel combustion, smelting, and electroplating, as well as negative water, air, soil, grain, vegetables, and smoking. When cadmium is absorbed into the body, it binds to plasma proteins and accumulates in the liver and kidneys. Cadmium stored in the liver slowly dissolves and is absorbed back into the kidney (1) .
Cadmium is known to be associated with cardiovascular disease. Several epidemiological studies have shown the association of cadmium and cardiovascular disease; such as the prevalence of cardiovascular diseases (2) , peripheral vascular diseases (3), and hypertension (4) . It is known that cadmium causes inflammation of the body and activates reactive oxygen species (5) , and the association of cadmium with inflammatory markers of cardiovascular diseases has been reported in epidemiological studies (6, 7) .
Monocyte count has been identified in several studies as a prognostic and predictive factor for cardiovascular disease (8) (9) (10) . Monocyte to high density lipoprotein (HDL) ratio (MHR) has also been reported as a prognostic and predictive factor for various cardiovascular diseases (11) (12) (13) (14) (15) (16) . This index is known to act as a prognostic factor for cardiovascular disease independent of other prognostic factors including monocyte count (17) .
Cadmium has been reported to be associated with monocyte elevation (18, 19) and HDL reduction (20) (21) (22) in a number of studies. However, no study has reported the association of blood cadmium with monocyte count and MHR. We performed this study to determine the relationship between monocyte count, MHR and blood cadmium.
MATERIALS AND METHODS

Population
Seven hundred ninety-one fire officers visited the institute for routine health checkups in 2016. Blood sample including blood cadmium level and health survey were done for routine health checkup. Of the 791 fire officers, 733 subjects who were male https://doi.org/10.3346/jkms.2017.32. 9.1415 and not missing any of the questionnaires in our interests (alcohol consumption, smoking, previous history of hypertension, hyperlipidemia, and diabetes), physical measurements, and the data of health examinations were included in our study, retrospectively.
Blood sample and health survey
Subjects fasted for at least 8 hours before blood sampling. Fasting blood glucose and lipid analyses were performed using AD-VIA 2400 (Siemens, New York, NY, USA). Low density lipoprotein (LDL) was estimated by the Friedewald formula and direct test for LDL was performed when triglyceride exceeded 400 mg/dL. Total leukocyte count and differential leukocyte count were analyzed using Sysmex XE 2100 (Sysmex, Kobe, Japan). Monocyte count was calculated by multiplying white blood cell percentage by total white blood cell count. MHR was calculated by dividing monocyte count into HDL.
The questionnaires were filled out with informed consent and were checked by a doctor before the start of the health checkup. The questionnaires were self-filling questionnaires, and questionnaires on general characteristics were used to confirm smoking habits, alcohol drinking habits and previously diagnosed hypertension, diabetes, and hyperlipidemia. Weight and height were measured using an automated height and weight measuring device FA600 (Fanics, Busan, Korea) in an upright position and wearing light apparel without shoes. Body mass index (BMI) was calculated by dividing body weight by square of height.
Blood pressure was measured in a seated position using an automated sphygmomanometer TM2655 (Biospace, Seoul, Korea) and BP203RV (Colin, Tokyo, Japan) after at least 10 minutes of rest. Smoking habits were categorized as present smoking status. Participants who drank alcohol almost never to 2-3 times a months were classified as 'low, ' and those who drank once or more than once a week were classified as 'high. ' Participants with systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg or previously diagnosed with hypertension were classified as 'hypertension. ' Participants with fasting blood glucose ≥ 126 mg/dL and previously diagnosed with diabetes were classified as 'diabetes. ' Participants with LDL ≥ 160 mg/dL or total cholesterol ≥ 240 mg/dL or previously diagnosed with hyperlipidemia were classified as 'hyperlipidemia, ' according to Adult Treatment Panel (ATP) III guideline (23) .
Blood cadmium analysis
To determine the cadmium concentration in the body, the blood cadmium concentration was measured. Whole blood was collected from each subject. The collected blood was stored in an ethylenediaminetetraacetic acid (EDTA) tube and stored at −20°C for freezing and used as an analytical sample. Analytical samples from each subject were first thawed at room temperature and then homogenized for about 40 minutes with a roller mix to prevent foaming, followed by sample pretreatment and standard water addition. Analysis of cadmium in blood was performed using a non-flame atomic absorption spectrophotometer Thermo iCE 3000 Series AA Spectrometer GFS9 (ThermoFisher Scientific, Cambridge, UK). Analytical wavelength was 228.8 nm, injection temperature was 20°C, drying temperature was 100°C, 150°C, painting temperature was 600°C, and atomization temperature was 1,000°C. Zeeman calibration was used for background correction and peak height was used for absorbance measurement. A standard cadmium solution (1,000 μg/ mL) (Sigma-Aldrich, St. Louis, MO, USA) was used for the analysis. The standards were prepared by diluting the standard solution with 2% (w/w) nitric acid solution for 4 concentration levels (5 ppb, 2.5 ppb, 1.25 ppb, 0.625 ppb). Then 0.5 mL of Tritone X-100 and 0.3 g of NH4H2PO4 were dissolved in 0.2% nitric acid (HNO3) solution. As part of external quality assurance and control, the institute passed the Quality Assurance Program, operated by the Korea Occupational Safety and Health Agency. All blood samples for blood cadmium were above the detection limits.
Statistical analysis
The population was divided into 4 groups according to the quartile of the blood cadmium level. General characteristics and the distribution of blood cadmium level by each variable were described. Since blood cadmium level was not normally distributed, P value was calculated by Mann-Whitney test. P value < 0.050 was considered statistically significant. Then, univariate analysis was performed using a linear regression model with blood cadmium level categorized as quartiles as independent variables, monocyte count and MHR as dependent variables. For the multivariate analysis, we analyzed the correlations between monocyte count and MHR among the general characteristics of subjects. Variables with possible association with monocyte count and MHR were selected (P < 0.200). Age, smoking, alcohol drinking, and BMI were included in the model. In model 3, hypertension, diabetes, and hyperlipidemia, which are well known risk factors for cardiovascular disease, were additionally adjusted. In each model, we also calculated the P for trend by treating each blood cadmium quartiles as a continuous variable in addition to the coefficients of the cadmium in the blood. Residual analysis performed by least square method showed the presence of outliers, so robust linear regression analysis method was performed for multiple regression analysis. Statistical analysis was done using SPSS ver. 23 (SPSS Inc., Chicago, IL, USA) for univariate analysis and R version 3.3.2 (R Foundation, Vienna, Austria), package "MASS, " for multivariate robust linear regression analysis. For univariate and multivariate regression analysis, a P value < 0.050 was con-
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https://doi.org/10.3346/jkms.2017.32.9.1415 sidered statistically significant for the estimated coefficients. Coefficients for independent variables and 95% confidence intervals (CIs) were reported.
Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board (IRB) of Keimyung University Dongsan Medical Center (IRB No. 2017-02-023). Informed consent was waived by the IRB.
RESULTS
The total number of subjects was 733. There were 134 (18.3%) current smokers and 489 high alcohol drinkers (66.7%). The mean blood cadmium level was 0.750 ± 0.359 μg/L. The BMI was 24.5 ± 2.56 kg/m 2 . Mean HDL was 48.10 ± 11.42 mg/dL, White blood cell count was 6,240.80 ± 1,547.17 /μm 3 and monocyte was 392.80 ± 140.00 /μm 3 . The MHR was 8.70 ± 4.16 mg/ dL. Hypertension was observed in 184 patients (25.1%), diabetes in 22 patients (3.0%), and hyperlipidemia in 72 patients (9.8%) ( Table 1) . The distribution of blood cadmium level by general characteristics of subjects was suggested in Table 2 . Blood cadmium Values were presented as median (25 percentile, 75 percentile). BMI = body mass index, HDL = high density lipoprotein, WBC = white blood cell. *P value was calculated by Mann-Whitney test; † Participants who drink alcohol almost never to 2-3 times a months were classified as 'low,' and those who drink once or more than once a week were classified as 'high'; ‡ Participants with systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg or previously diagnosed with hypertension were classified as 'hypertension'; § Participants with fasting blood glucose ≥ 126 mg/dL and previously diagnosed with diabetes were classified as 'diabetes'; ¶ Participants with LDL ≥ 160 mg/dL or total cholesterol ≥ 240 mg/dL or previously diagnosed with hyperlipidemia were classified as 'hyperlipidemia'; **Fire extinguisher and fire field investigator are classified as 'fire fighter.' Driver, rescue team, paramedic, and officer were classified as 'non-fire fighter.' Data are shown as mean ± standard deviation or number (%). BMI = body mass index, HDL = high density lipoprotein, WBC = white blood cell, MHR = monocyte to high density lipoprotein ratio, LDL = low density lipoprotein. *Participants who drink alcohol almost never to 2-3 times a months were classified as 'low,' and those who drink once or more than once a week were classified as 'high'; † Participants with systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg or previously diagnosed with hypertension were classified as 'hypertension'; ‡ Participants with fasting blood glucose ≥ 126 mg/dL and previously diagnosed with diabetes were classified as 'diabetes'; § Participants with LDL ≥ 160 mg/dL or total cholesterol ≥ 240 mg/dL or previously diagnosed with hyperlipidemia were classified as 'hyperlipidemia. level was not normally distributed, so it is represented as quartiles. The first, second, and third quartile of blood cadmium was 0.49 μg/L, 0.70 μg/L, and 0.92 μg/L. Age, smoking status, hypertension, diabetes, HDL cholesterol, white blood cell count, monocyte count, and MHR were associated with blood cadmium level, while alcohol consumption, BMI, hyperlipidemia, and job category were not. The subjects were classified into 4 groups according to the quartiles of blood cadmium level. Monocyte count and MHR were analyzed by univariate and multivariate models. Compared with the first quartile of cadmium, the second, third, and fourth quartile groups were significantly higher in monocyte count (P = 0.018, P < 0.001, P < 0.001), and trend was also significantly increased (P for trend < 0.001). This is also significant for models 2 (P = 0.043, P < 0.001, P = 0.001). In model 3, the monocyte counts of the third and fourth quartile groups were significantly increased compared to the first quartile (P = 0.001, P = 0.002; P for trend < 0.001) ( Table 3) (Fig. 1) .
MHR was significantly higher in the third, fourth quartile groups than in the first quartile group (P = 0.013, P = 0.002) in model 1, and the trend was also significant (P for trend < 0.001). This is also significant for models 2 and 3, which are corrected for other confounders. In Model 2, the MHR of the third and fourth quartiles increased significantly compared to the first quartile (P = 0.011, P = 0.005; P for trend = 0.013), and the monocyte count of the third and fourth quartiles increased significantly in Model 3 compared to the first quartile (P = 0.007, P = 0.008; P for trend < 0.001) ( Table 4) (Fig. 2) .
DISCUSSION
In this study, blood cadmium level and monocyte count, MHR were statistically significant and dose-dependent relationships were also found. To the best of our knowledge, this is the first epidemiological study of the relationship between cadmium and monocyte count and MHR, which are cardiovascular prognostic and predictive factors, in the human population.
Blood cadmium level was used as a biological index of cadmium in the body. It is known that blood cadmium level reflects both acute exposure and accumulated cadmium in the body, while urinary cadmium level mainly reflects body burden, especially in the kidneys. The initial half-life of blood cadmium is 2-3 months after acute exposure and is influenced by accumulated cadmium in the body after the cessation of exposure (24) . In this study, cadmium was used as a biomarker of cadmium in the body, considering that many animal studies reports the significant effects of cadmium exposure on cholesterol or monocyte in several months, and blood cadmium level better reflects the short term exposure of cadmium. The mean of blood cadmium level among Korean adult population was reported to be 1.07 ± 0.01 μg/L (25). The blood cadmium levels of the participants in this study were lower than the average of Korean adults. This seems to be due to the age of the population in this study relatively low, which is between 23 and 60 years old, and the blood cadmium tends to rise in proportion to age (24) .
Cadmium has a variety of effects on the immune system and can affect hematopoiesis. The differentiation and function of immune cells depend on the intracellular signal transduction pathway. Studies have shown that cadmium promotes monocyte differentiation under specific conditions in vitro (26) . In one animal study, myeloid and monocytic cells were increased in bone marrow after intraperitoneal injection of cadmium into mice (27) . Another animal study showed an increase in monocytes in rats exposed to cadmium solution for 8 weeks (19) . The association of cadmium with monocyte elevation is also found in an epidemiologic study in which cadmium concentrations were higher in workers exposed to occupational exposure to cadmium than in unexposed ones (18) . Also, cadmium has been has to cause a reduction in HDL in several animal studies (20) (21) (22) . Although the mechanism by which cadmium causes HDL reduction is not known clearly, it has been reported that the reduction of HDL by cadmium decreases the lipoprotein secretion in the liver due to oxidative stress and disturbance of cell function (28) .
Monocyte is a cell that plays a central role in atherosclerosis. Atherosclerosis activates the adhesion molecule of endothelium cells and binds to mononuclear cells. When monocytes are bound to the arterial endothelium, they enter the endothelial lining and enter the intima to form foam cells (29) . CD11b+ monocyte is known to play an important role in atherogenesis in this process (30) . In addition, circulating monocyte levels are known to affect lesional macrophage accumulation and plaque macrophage content (31) . Clinically, monocyte count has been implicated in the development of cardiovascular disease in several epidemiological studies (8) (9) (10) . HDL has also been associated with cardiovascular disease in several epidemiological studies (32, 33) . HDL suppresses hematopoietic stem cells and multipotent progenitor cell proliferation in the hematopoietic system (34) . HDL inhibits monocyte CD11b, leading to mechanisms that act as monocyte activation, spreading, and inhibit activated monocytes (35) . HDL also promotes vasorelaxation by increasing the expression of endothelial nitric oxide synthase (eNOS) (36) .
MHR is a novel inflammatory marker identified by Kanbay et al. (14) as an independent predictor of cardiovascular disease prediction in patients with chronic kidney disease. The association of MHR with the presence of slow coronary flow and the systemic inflammation marker high sensitivity C-reactive protein (CRP) was reported (12) . There was also a relationship between elevation of the Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery (SYNTAX) score, which is associated with coronary artery anatomy (11), thrombus burden after percutaneous coronary intervention (PCI) (13) , and cryoballoon-based catheter ablation in patients with arterial fibrillation. Moreover, the relation between stent restenosis (15) and other cardiovascular outcomes were reported (16) . Several studies have consistently demonstrated that MHR is a reliable factor for inflammation and anti-oxidation and is associated with prognosis and disease progression in several cardiovascular diseases. However, there is a lack of research on the significance of MHR as a cardiovascular disease predictor and risk factor in the general population not yet having cardiovascular disease.
Cadmium has been associated with various cardiovascular diseases (2), peripheral vascular disease (3), and cerebrovascular disease (37) . It has also been reported that cardiovascular risk factors such as hypertension (4), diabetes (38) , and dyslipidemia (39) are also associated with cadmium exposure. Moreover, the inflammatory markers associated with cardiovascular diseases, such as soluble CRP, fibrinogen (6) and urokinase plasminogen activator receptor (7), have been reported to be associated with MHR. As is known, among the subjects of this study, blood cadmium level was associated with hypertension, diabetes and HDL cholesterol level. However, there is no study that investigated the relationship between cadmium and monocyte count and MHR. This study showed that cadmium could have a subclinical effect on the human body even at low concentrations by confirming a dose-dependent association with the monocyte count and MHR, which are the cardiovascular risk and prognostic indicators.
The limitations of this study include that a cross-sectional study cannot clearly identify cause-effect relationships. Also, there is a limit to the fact that we have carried out the study on a special group of Korean fire officers. However, although workers in the firefighting department may be exposed to a variety of chemicals, our data did not show a significant relationship between cadmium exposure, monocyte elevation and working as a firefighter (fire extinguisher and field investigator) (P > 0.200). Although exposure to the fire site may increase the blood level of cadmium for a short period of time, data on recent fire field exposure could not be obtained. However, this study is a study of association parameters rather than population level parameters. It is difficult to say that race and occupation used in this study have effect measure modification in the relationship between cadmium and monocyte. Another limitation is that, the metabolism and health effect of cadmium have been reported to be different in male and female populations (40) , therefore, analysis should be done with stratification of sex. However, our study population consisted of 43 female and 733 male subjects without missing value. Therefore, the analysis was done for only the male population in consideration of model instability in regression analysis. In further research, the analysis should include a sufficient number of female subjects.
Monocyte count and MHR are known to be prognostic and predictors of cardiovascular disease, but MHR has not been sufficiently studied in relation to the change of its index in the general population without cardiovascular disease and the clinical state and the onset of cardiovascular disease. In order to confirm a clinical meaning, additional research on the meaning of the monocyte count and MHR in the general population will be needed.
The strong point of this study is that the effect of cadmium exposure can be shown to have a very low threshold. This will be the reference material for evaluating the effects of exposure to low-concentration cadmium at a later time and setting thresholds for biological exposure index and exposure.
This study showed the relationship between blood cadmium level and monocyte count and MHR. This was also statistically significant in the model adjusted for disturbance and other cardiovascular risk factors and showed a linear trend.
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